The bulb yield of tulips in Toyama, Japan, has been fluctuating, especially since 1970. Effects of the temperature and sunshine conditions on bulb yield were investigated and the correlation between bulb yield (as the number of marketable bulbs per 10 a (= 1,000 m 2 )) and these two meteorological factors were statistically analyzed. The bulb yield was deeply affected by the temperature from May 1 to 20 and decreased with increasing temperature for this period. The growth rate reached the largest increase in the middle of May and the bulb yield was also affected by the sunshine for this period. By applying multiple regression analysis, it was possible to predict closely the number of marketable bulbs with two meteorological factors, the daily minimum temperature and hours of sunshine.
INTRODUCTION
It is very important to predict the yield of marketable bulbs in tulips, because the market price of tulip bulbs must be determined by the beginning of June before lifting. But the annual change of tulip bulb yield as marketable bulbs per 10 a (= 1,000 m 2 ) in Toyama, Japan, has been fluctuating especially since 1970 (Fig. 1) .
The storage conditions of tulip seed bulbs may exert considerable effects on the growth and subsequent bulb yield (Tsutsui and Toyoda, 1974) . It has been reported that some meteorological factors including integrated daily mean temperature from flowering time to harvest were positively correlative with tulip bulb yield of the year (Kondo, 1979) . Jackson et al. (1980) succeeded in accurate yield prediction of Cox's Orange Pippin apple in England with multiple regression analysis.
For developing a method of bulb yield prediction in tulips, correlations between annual bulb yield and two meteorological factors were investigated and the statistical analysis was carried out to represent the equation of multiple regression.
MATERIALS AND METHODS

Temperature
'Rose Beauty' tulip bulbs (size 9 cm, weight 15.5 g) were planted at ceramic pot (25 cm in diameter) in October of 1979 and grown using the sand culture system (Amano, 1986) . They were placed at natural temperature until April 1, 1980. The growing period for 80 days from April 1 to June 19 was separated into four stages (twenty day intervals) for the experiment of temperature treatments. At intervals, six pots were placed in growth chambers set at 10, 15, 20 or 25°C for 20 days from April 1 to 20 (Stage I), April 21 to May 10 (Stage II), May 11 to 30 (Stage III) and May 31 to June 19 (Stage IV) respectively. The control was placed under natural temperature condition throughout the whole stage. After harvesting in the end of June, the weights of daughter bulbs were measured and compared with the control.
Growth Rate
Tulip bulbs (size 9 cm, weight 15.5 g) of 'Purissima' (early flowering cultivar) and 'Joan Cruickshank' (late flowering cultivar) were planted in an open field in October 1978. Weekly, from April 30, 1979, twenty plants were lifted and the dry matter of whole plant and daughter bulbs was determined. The growth rate was calculated as the increase in dry weight per plant per day.
Correlation
The method of tulip bulb yield prediction was statistically studied with the actual data of the marketable bulbs per 10 a and two meteorological factors, temperature and sunshine over a span of 12 years since 1969 in Toyama by applying multiple regression.
RESULTS AND DISCUSSION
Temperature
Compared to controls, bulb yields were only slightly affected when temperature treatments were given at stages I or IV (Fig. 2) . However bulb yield was significantly affected when temperature treatments were given at stage II or III, varied from 110 to 85% of the control. These results suggest that the effect of temperature on the tulip bulb yield is more important for the period April 21 to May 30 than for earlier or later in the season. During stages II and III, bulb yield decreased rapidly with increasing temperature. Similar relationships between bulb yields of many tulip cultivars and temperature have been shown at the end of April around flowering time in Tottori, Japan (Kondo, 1979) . The flowering time of 'Rose Beauty' in Toyama is the end of April and it seems that the temperature condition around flowering time is important for tulip bulb yield.
Growth Rate
The flowering time of 'Purissima' is the middle of April and that of 'Joan Cruickshank' is the beginning of May in Toyama. The dry weights of whole plant and daughter bulbs increased rapidly after flowering in both 'Purissima' and 'Joan Cruickshank'. These growth rates, the dry weight increase (g) per plant per day, were greatest about three weeks after flowering and then decreased rapidly until lifting time (Fig. 3) . From the results of another experiment with shading tests, tulip bulb yield was greatly affected by total sunshine in the middle of May (data not shown). These results suggest that the highest photosynthetic rate of tulips occurs around the middle of May in Toyama and the sunshine condition at this period may be important for tulip bulb yield.
Correlation
From the results mentioned above, many correlations between the actual data of marketable tulip bulbs per 10 a and the two meteorological factors, temperature and sunshine around flowering time, were statistically investigated. High correlation coefficients were found between yield and the mean value of daily minimum temperature from May 1 to 20 and between the yield and accumulative hours of sunshine from May 11 to 20 (data not shown). Therefore, the equation of multiple regression for bulb yield prediction was obtained with the two meteorological factors in the early flowering cultivar, the late flowering cultivar and total cultivars in Toyama respectively (Table 1) . The predicted values calculated were close to the actual bulb yield, with a correlation coefficient (R) of 0.902** (Fig. 4) . It was concluded that the tulip bulb yield in Toyama could be calculated easily using this equation before lifting.
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